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SECOND QUARTERLY PROGRESS REPORT 
RESEARCH STUDY ON INSTRUMENT U N I T  
THERMAL C O N D I T I O N I N G  HEAT S I N K  CONCEPTS 
JUNE 1 TO AUGUST 31, 1966 
I NTROD U CT I ON 
T h i s  r e p o r t  reviews the  work accompli shed by t h e  AiResearch Manufac tur ing  
Company, a d i v i s i o n  o f  The G a r r e t t  Corporat ion,  Los Angeles, C a l i f o r n i a ,  
between June 1 and August 31, 1966, under Na t iona l  Aeronaut ics  and Space 
A d m i n i s t r a t i o n  Cont rac t  NAS8-11291. T h i s  c o n t r a c t  i s  f o r  a research s tudy  
on ins t rument  u n i t  thermal c o n d i t i o n i n g  heat s i n k  concepts.  Th is  r e p o r t  i s  
t h e  second q u a r t e r l y  progress repo r t  under the  referenced c o n t r a c t  which was 
signed on March 11, 1966. The p rev ious  repo r t  under t h i s  c o n t r a c t  was issued 
under A i  Research r e p o r t  number 66-0979. 
PROGRESS SUMMARY 
Dur ing  the  second q u a r t e r l y  r e p o r t i n g  period, work was performed i n  t h e  
f o l l o w i n g  areas: Under Task I, Water B o i l e r  Heat S ink  Module, d e t a i l  drawings 
of  t h e  w i c k  performance t e s t  module were completed, i n i t i a l  u n i t s  were assembled 
and i n s t a l l e d  i n  t h e  t e s t  loop, and t e s t i n g  was begun. A d d i t i o n a l  metal  and 
nonmetal w icks  were ordered and w i c k i n g  r a t e  t e s t s  were i n i t i a t e d .  Under Task 
11, Water Sub1 imator  Heat S ink  Module, breakthrough a n a l y s i s  was cont inued and 
c a p i l l a r y  tube t e s t i n g  was performed t o  v e r i f y  a n a l y t i c a l  p r e d i c t i o n s .  Design 
o f  a sub1 ima t ion  performance t e s t  f i x t u r e  was completed. A d d i t i o n a l  porous 
p l a t e s  were procured and bench t e s t s  a r e  about 20 per  cent complete. 
TASK I: WATER BOILER HEAT S I N K  MODULE 
Wick Heat T rans fe r  and Performance Test i n q  
I n  o rde r  t o  determine t h e  performance o f  va r ious  w i c k  m a t e r i a l s  and con- 
f i g u r a t i o n s ,  w ick  performance t e s t  modules have been designed and assembled 
and a r e  c u r r e n t l y  being t e s t e d .  Modules have been designed so t h a t  t he  f o l -  
l ow ing  v a r i a b l e s  might be i n v e s t i g a t e d :  w i c k  m a t e r i a l ,  th ickness, f i n  c o n f i g -  
u r a t i o n ,  w i c k  he ight ,  w ick  densi ty,  heat  f l u x ,  s i n k  temperature and brazed 
c o n d i t i o n .  Components o f  a t y p i c a l  t e s t  module a r e  shown i n  F igures  1 and 2 .  
F i g u r e  1 shows t h e  e l e c t r i c a l  heater  and t h e  heavy copper p l a t e  t o  which i t  . 
1-1 AIRESEARCH MANUFACTURING DIVISION 























F i g u r e  I D  Wick Performance T e s t  Module Hea te r  P l a t e  
AIRESEARCH MANUFACTURING DIVISION 
Lo5 Angeles, California 






















F i g u r e  2 .  Wick Performance T e s t  Module Assembly 
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i s  a t tached.  
t o  p r o v i d e  b e t t e r  heat balances, w h i l e  t h e  copper p l a t e s  assure u n i f o r m  heat-  
i n g  and more p r e c i s e  d e f i n i t i o n  of the temperature boundary c o n d i t i o n s .  
Copper-constantan thermocouples a r e  imbedded i n  t h e  copper p l a t e  a t  s i x  loca-  
t i o n s  a t  t w o  e l e v a t i o n s  so t h a t  t h e  heater  temperature may be recorded as a 
f u n c t i o n  of  p o s i t i o n .  T h i s  a l l o w s  f o r  t h e  i d e n t i f i c a t i o n  o f  ho t  spots  i n  the  
w icks  and i n d i c a t e s  any v a r i a t i o n  o f  performance w i t h  e l e v a t i o n .  The h e a t e r  
i s  a t tached t o  t h e  copper p l a t e  w i t h  RTV s i l i c o n  rubber .  F i g u r e  2 shows t h e  
f i n s  and wick, i n  a d d i t i o n  t o  t h e  heater  and copper p l a t e .  The f i n s  shown 
a r e  r e c t a n g u l a r  o f f s e t ;  however, t r i a n g u l a r  f i n s  a l s o  a r e  be ing  t e s t e d .  The 
t e s t  modules a r e  heated f rom b o t h  sides, fo rming  a h e a t e r - p l a t e - f i n - w i c k - f  i n -  
p l a t e - h e a t e r  sandwich. I n i t i a l  t e s t s  a r e  be ing  made w i t h  brazed and unbrazed 
w i c k - f i n  modules t o  determine t h e  e f f e c t  o f  b r a z i n g  on t h e  module performance. 
I t  i s  thought t h a t  b raz ing  might assure b e t t e r  performance due t o  increased 
c o n t a c t  between t h e  w i c k  and t h e  heat conduct ing f i n ,  thereby e l i m i n a t i n g  any 
a d d i t i o n a l  heat  t r a n s f e r  r e s i s t a n c e  due t o  a gap between t h e f i n  and t h e  w i c k  
sur face .  However, i t  i s  p o s s i b l e  t h a t  s u f f i c i e n t  c o n t a c t  may be ob ta ined by 
pressure  alone, e l i m i n a t i n g  any need fo r  braz ing .  
adverse e f f e c t  o f  b r a z i n g  i f  t h e  braze a l l o y  w icks  i n t o  the  w i c k  m a t e r i a l  and 
p l u g s  i t, thereby  r e s t r i c t i n g  l i q u i d  f l o w .  T h i s  would, o f  course, be a f u n c t i o n  
of  t h e  amount o f  braze a l l o y  requ i red  t o  o b t a i n  a good braze j o i n t .  Once t h e  
r e l a t i v e  m e r i t s  o f  brazed and unbrazed c o n f i g u r a t i o n s  have been determined, t h e  
performance o f  r e c t a n g u l a r  and t r i a n g u l a r  f i n s  w i l l  be compared. D e t a i l s  o f  
f u r t h e r  t e s t i n g  w i l l  depend t o  some e x t e n t  upon t h e  r e s u l t s  o f  the  i n i t i a l  
t e s t s ;  however, i t  i s  a n t i c i p a t e d  t h a t  t h e  f o l l o w i n g  range o f  v a r i a b l e s  w i l l  
be covered. 
E l e c t r i c a l  heaters  were chosen f o r  s i m p l i c i t y  o f  o p e r a t i o n  and 
There might a l s o  be an 
Wick t h i c k n e s s  w i l l  be v a r i e d  from 0.030 inches t o  0.250 inches. Pre- 
v i o u s l y  performed w i c k i n g  h e i g h t  t e s t s  repor ted  i n  t h e  f i  r s t  q u a r t e r l y  r e p o r t  
showed a s t r o n g  dependence on wick th ickness .  I t  i s  a n t i c i p a t e d ,  there fore ,  
t h a t  w i c k  t h i c k n e s s  may have a d e f i n i t e  e f f e c t  upon t h e  heat  t r a n s f e r  per-  
formance c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  m a t e r i a l .  T h i s  would be expected, 
e s p e c i a l l y  a t  h i g h  heat f luxes ,  when t h e  a b i l i t y  o f  a t h i n  w i c k  t o  d e l i v e r  
s u f f i c i e n t  water  may become l i m i t i n g .  I t  should be mentioned here  t h a t  t h e  
reason f o r  t h e  dependence o f  w ick ing  r a t e  upon t h e  w i c k  t h i c k n e s s  i s  not  f u l l y  






















t o  s o l v e  h i s  problew, as expla ined below. Heat f l u x e s  w i l l  range as h i g h  
as p Q s s i b  e w i t h o u t  exceeding t h e  temperature l i m i t a t i o n s  o f  t h e  t e s t  assembly. 
Test  modu es o f  1.5, 3, 4.5, and 6- inch h e i g h t s  have been assembled so t h a t  
t h e  e f f e c t  o f  w i c k  h e i g h t  might  be determined. Wick d e n s i t i e s  w i  1 1  range 
f rom 
l e s s  s t e e l ,  n i c k e l ,  copper, and s i l i c a  v i t r e o u s  f i b e r .  A d d i t i o n a l  m a t e r i a l s  
may be t e s t e d  a s  a r e s u l t  o f  t h e  w ick ing  h e i g h t  t e s t s .  
IO t o  30 p e r  cent  and w i c k  m a t e r i a l s  a v a i l a b l e  f o r  t e s t i n g  a r e  s t a i n -  
A schematic o f  t h e  t e s t  setup i s  shown i n  F i g u r e  3 and photographs i n  
F igures  4 and 5. The w i c k  module i s  enclosed i n  a b e l l  j a r  so t h a t  t h e  b o i l -  
i n g  temperature may be c o n t r o l l e d  by reducing the  pressure.  
i n p u t  i s  supp l ied  t o  each heater  p l a t e  and i n d i v i d u a l  vo l tmeters,  ammeters 
and v a r i a c s  a r e  prov ided.  The water  f rom t h e  supply  tank  i s  f i l t e r e d  through 
a 1 / 2 9  a b s o l u t e  M i l l i p o r e  f i l t e r ,  and meter ing  i s  p rov ided f o r  extended dura- 
t i o n  t e s t i n g .  The t e s t  s e c t i o n  i s  wrapped w i t h  m u l t i p l e  l a y e r s  o f  a lumin ized 
M y l a r  t o  reduce t h e  heat  losses.  
Separate power 
I n i t i a l  t e s t s  have been run t o  v e r i f y  t h e  w o r k a b i l i t y  o f  t h e  system. 
Tests  w i t h  no water  a r e  c u r r e n t l y  underway t o  c a l i b r a t e  t h e  system f o r  heat 
l e a k .  For each run, t h e  12 heater  temperatures a r e  recorded, as w e l l  as t h e  
c u r r e n t ,  voltage, and b e l l  j a r  pressure.  Data i s  taken a t  ten  minute i n t e r -  
v a l s  t o  assure t h a t  steady s t a t e  has been reached a t  each heat f l u x .  
A computer program has been w r i t t e n  t o  f a c i  1 i t a t e  r e d u c t i o n  o f  w i c k  b o i l e r  
t e s t  da ta .  The b a s i c  i n p u t s  a r e  t h e  t e s t  module dimension, t h e  steam chamber 
pressure,  t h e  i n p u t  vol tage, t h e  i n p u t  cur ren t ,  and t h e  l o c a l  p l a t e  tempera- 
t u r e .  T h i s  da ta  i s  recorded on spec ia l  forms and punched d i r e c t l y  f rom them 
o n t o  i n p u t  data cards.  The program c a l c u l a t e s  a l o c a l  and an average heat 
t r a n s f e r  c o e f f i c i e n t  h, de f ined a s  h = Q where : 
A(Th-Ts) 
Q = heat  inpu t  t o  p l a t e  
A = heater  p l a t e  area 
Th = l o c a l  heater  temperature 
Ts = b o i  1 i n g  temperature 
The b o i l i n g  temperature i s  assumed equal t o  t h e  s a t u r a t i o n  temperature 
corresponding t o  t h e  chamber pressure.  A w a l l  heat t r a n s f e r  conductance can 
be used t o  i n c l u d e  a metal  p l a t e  temperature drop  between t h e  thermocouples and 
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Figure 4 .  S i n g l e  Wick Boiler Module 
AIRESEARCH MANUFACTURING DIVISION 
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F i g u r e  5. S i n g l e  Wick B o i l e r  Module T e s t  Setup 
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W i  c k i  nq Hei q h t  Tests  
The f i r s t  q u a r t e r l y  progress r e p o r t  inc luded r e s u l t s  o f  p rev ious  w i c k  
r a t e  t e s t s  performed a t  AiResearch. These t e s t s  were run b e f o r e  i t  was f u l l y  
a p p r e c i a t e d  how e a s i l y  s u s c e p t i b l e  w icks  a r e  t o  contaminat ion and how extreme i s  
t h e  requirement f o r  c l e a n l i n e s s .  Therefore, w i c k  r a t e  t e s t s  a r e  be ing  repeated 
under more c a r e f u l l y  c o n t r o l  l e d  envi ronmental c o n d i t i o n s .  Three b a s i c  t e s t s  
a r e  i n c l u d e d  i n  t h i s  ser ies,  v e r t i c a l  r i s e  time, h o r i z o n t a l  advance time, and 
w i c k  water  r e t e n t i o n .  The v e r t i c a l  r i s e  t i m e  t e s t  i n v o l v e s  mounting t h e  w i c k  
specimens i n  a v e r t i c a l  p o s i t i o n  and immersing t h e  bottom end o f  t h e  w icks  i n  
w a t e r .  A c l o c k  i s  s t a r t e d  a t  the moment the  w i c k  i s  imnersed and water  l e v e l  
i n  t h e  w i c k  i s  recorded a t  r e g u l a r  t i m e  i n t e r v a l s .  V isua l  observa t ions  a r e  
supplemented by a t t a c h i n g  l i t m u s  paper s t r i p s  t o  t h e  w icks .  I n  t h e  h o r i z o n t a l  
advance t e s t s ,  the specimens a r e  mounted i n  a h o r i z o n t a l  p o s i t i o n  and water  
feed i s  accomplished by u s i n g  pieces o f  c e l l u l o s e  sponge t o  wet t h e  bottom 
p o r t i o n  of t h e  w ick .  Data i s  recorded i n  the  same manner a s  i n  t h e  v e r t i c a l  
r i s e  t e s t s .  In t h e  wick water  r e t e n t i o n  t e s t ,  a f t e r  the  d r y  we igh t  o f  t h e  
specimen has been determined, t h e  w i c k  i s  immersed i n  water  u n t i l  i t  i s  tho-  
rough ly  wet .  I t  i s  then removed and hung i n  a v e r t i c a l  p o s i t i o n  u n t i l  d r i p -  
p i n g  has e s s e n t i a l l y  ceased, and the wet weight  o f  t h e  w i c k  i s  determined. 
I n  o r d e r  t o  assure c l e a n l i n e s s  o f  t h e  t e s t  specimens, t h e  f o l l o w i n g  pre-  
caut  i o n s  a r e  b e i  ng observed : 
1 .  A l l  t e s t i n g  w i l l  be conducted i n  t h e  AiResearch A l t i t u d e  
Labora tory  Clean Room. 
2 .  A l l  specimens w i l l  be thorough ly  c leaned p r i o r  t o  t e s t i n g .  
3. Wick specimens w i l l  be k e p t  i n  n y l o n  bags when n o t  i n  use. 
4 .  Wicks w i  1 1  be handled o n l y  w i t h  tongs o r  c lean rubber  g loves .  
5 .  Only d i s t i l l e d  1/2 micron f i l t e r e d  water  w i l l  be used i n  
t e s t i n g  . 
TASK 11: WATER SUBLIMATOR HEAT SINK MODULE 
Breakthrouqh Ana 1 v s i  s 
1 .  Exper imental  V e r i f i c a t i o n  o f  A n a l y t i c a l  Breakthrouqh P r e d i c t i o n s  
An a n a l y s i s  o f  l i q u i d  and vapor breakthrough was presented i n  t h e  pre-  
v i o u s  q u a r t e r l y  r e p o r t .  The e f f e c t s  o f  c o n t a c t  ang le  and pore  e x i t  sharpness 
were i n v e s t i g a t e d ,  and t h e  a n a l y t i c a l  r e s u l t s  a r e  shown i n  F i g u r e  6 i n  t h e  
AIRESEARCH MANUFACTURING DIVISION 
Lo% Angeles Cal8lornia 
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form o f  normal ized breakthrough pressure vs.  con tac t  angle.  Tests  were i n i -  
t i a t e d  i n  o rder  t o  v e r i f y  t h e  a n a l y t i c a l  p r e d i c t i o n s .  
The t e s t  apparatus for l i q u i d  and vapor breakthrough i s  shown i n  F i g u r e  7. 
S t a i n l e s s  s t e e l  c a p i l l a r y  tubes of known i n s i d e  d iameter  were used and were 
t h o r o u g h i y  cieaned p r i o r  t o  t e s t i n g .  The 1 i q u i d  breakthrough t e s t  i n v o l v e d  
g r a d u a l l y  i n c r e a s i n g  t h e  l i q u i d  head and observ ing  t h e  pressure  d i f f e r e n t i a l  
a t  wh ich  breakthrough occurred.  I n  t h e  vapor breakthrough t e s t ,  t h e  gas pres-  
sure was s l o w l y  increased u n t i l  t h e  f i r s t  dynamic bubble appeared f rom t h e  t e s t  
f l u i d .  
The t e s t s  conducted t o  d a t e  were performed w i t h  water  and mercury f o r  
sharp cornered c a p i l l a r y  tubes i n  o rder  t o  v e r i f y  t h e  P / R  = O3 c u r v e  i n  F i g u r e  
6. Wi th  these f l u i d s ,  r e s u l t s  were ob ta ined f o r  a w e t t i n g  ( 0  < 90') and a 
nonwet t ing  (Q > 90') 1 i q u i d .  
The r e s u l t s  o f  these i n i t i a l  t e s t s  a r e  shown i n  F i g u r e  6 .  I t  i s  seen 
t h a t  f a i r l y  good agreement w i t h  the a n a l y t i c a l  p r e d i c t i o n s  was ob ta ined.  The 
normal ized  gas breakthrough pressures a r e  w i t h i n  a couple p e r  cent  o f  t h e  pre-  
d i c t e d  va lues  w h i l e  t h e  l i q u i d  breakthrough pressure  o f  mercury i s  about t e n  
p e r  c e n t  l e s s  than t h e  a n a l y t i c a l  p r e d i c t i o n .  A p o s s i b l e  e x p l a n a t i o n  of  t h i s  
might  be t h e  va lue used for t h e  i n t e r f a c i a l  s u r f a c e  t e n s i o n  o f  mercury and a i r .  
Per ry '  s t a t e s  t h a t  t h e  s u r f a c e  t e n s i o n  of  mercury i s  " v a r i a b l e  and decreases 
w i t h  time," which c o u l d  e x p l a i n  t h e  d iscrepancy.  The c o n t a c t  ang le  o f  w a t e r  
w i t h  s t a i n l e s s  s t e e l  i s  shown as a range r a t h e r  than a p o i n t  because o f  t h e  
d i f f i c u l t y  i n  de termin ing  i t s  exact va lue .  Observat ion under moderate mag- 
n i f i c a t i o n  o f  the  l i q u i d  drops on the t e s t  apparatus d u r i n g  t e s t i n g ,  as w e l l  
as t h e  p r o t r u d i n g  l i q u i d - v a p o r  i n t e r f a c e ,  i n d i c a t e d  a contac t  a n g l e  i n  t h e  
neighborhood o f  30'. 
were made i n  o r d e r  t o  o b t a i n  a more a c c u r a t e  va lue o f  t h e  c o n t a c t  ang le ;  how- 
ever, t h i s  was unsuccessfu l  due, probably, t o  contaminat ion  o f  the  p l a t e  between 
c l e a n i n g  and photographing, and contac t  angles ranging from 30' t o  90' were 
o b t a i n e d .  
s t e e l  sur faces  o f  f rom 0' t o  42', depending on t h e  c l e a n i n g  procedure and 
whether the  contac t  ang le  i s  t h e  advancing o r  receding angle.  
Photographs o f  water  drops on a s t a i n l e s s  s t e e l  p l a t e  
The 1 i t e r a t u r e  g i v e s  contact  angles o f  water  on "c leaned" s t a i n l e s s  
' Perry, John H., 1950, McGraw-Hi 1 1 
























































2 .  E f f e c t  o f  Pore Ex i t  Sharpness on greakthrouqh Pressure 
A s  s t a t e d  i n  t h e  prev ious  analyses o f  breakthrough phenomena, t h e  break- 
through pressures f o r  a g i v e n  system a r e  a f u n c t i o n  o f  t h e  s u r f a c e  tens ion,  t h e  
pore  diameter,  t h e  contac t  angle, and t h e  e x i t  sharpness r a t i o  ( t h e  r a t i o  o f  
t h e  pore  rad ius  t o  t h e  r a d i u s  o f  c u r v a t u r e  o f  the  pore  e x i t ) .  These system 
v a r i a b l e s  can a1 1 be impor tan t  and, therefore,  a1  1 t h r e e  must be considered 
when i nves t  i gat  i ng breakthrough . 
I t  has been g e n e r a l l y  assumed t h a t  t h e  s m a l l e r  t h e  pore  d iameter  i n  a 
porous p l a t e ,  t h e  l a r g e r  t h e  l i q u i d  breakthrough pressure.  However, i t  can 
be shown f rom F i g u r e  6 t h a t  t h i s  i s  n o t  n e c e s s a r i l y  t rue,  s i n c e  t h e  pore  e x i t  
sharpness can have a pronounced e f f e c t .  For instance, t h e  normal ized l i q u i d  
breakthrough pressure  f o r  a con tac t  a n g l e  o f  40' f o r  a pore w i t h  an e x i t  sharp- 
ness r a t i o  o f  1.0 of  5.5 t imes t h a t  f o r  one w i t h  a sharpness r a t i o  o f  0.1. T h i s  
means t h a t  t h e  pore  w i t h  t h e  sharper e x i t  can be up t o  5.5 t imes l a r g e r  than 
t h e  pore  w i t h  the  d u l l  e x i t  and s t i l l  have a h i g h e r  breakthrough pressure.  A 
sketch  of t h i s  c o n d i t i o n  i s  shown below where f o r  a c o n t a c t  a n g l e  less than  
50°,  t h e  l a r g e r  pore  has a h i g h e r  l i q u i d  breakthrough pressure than t h e  smaller, 
even though t h e  d iameter  i s  f i v e  t imes g r e a t e r .  
A - 2 2 2 9 5  
S ta ted  another  way, f o r  a contac t  ang le  o f  less than 50°, t h e  l i q u i d  
breakthrough pressure  o b t a i n a b l e  a t  sharpness r a t i o s  o f  1.0 and 0.1 a r e  1 / 2  
and 1 / 1 1  o f  t h a t  ob ta ined w i t h  an a b s o l u t e l y  sharp pore  ( P / R  = ") a s  i n d i c a t e d  
i n  F i g u r e  6. Obv ious ly  then, a sharp pore  e x i t  ( l a r g e  -) i s  d e s i r a b l e  i n  por- 
OUS p l a t e s  f o r  sub l imator  a p p l i c a t i o n s .  I t  i s  p o s s i b l e  t o  determine e x p e r i -  
m e n t a l l y  an e q u i v a l e n t  pore e x i t  sharpness of a porous p l a t e .  T h i s  was done 
P 
R 
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f o r  porous p l a t e  data taken i n  t h i s  s tudy  and i s  repor ted  below. 
Another problem which t h e  e f f e c t  o f  pore e x i t  sharpness b r i n g s  t o  l i g h t  
i s  t h e  m a t t e r  o f  porous p l a t e  s p e c i f i c a t i o n s .  If a h i g h e r  l i q u i d  breakthrough 
pressure  i s  desired, i t  may n o t  be s u f f i c i e n t  t o  s p e c i f y  mere ly  a smal le r  pore  
d iameter  ( h i g h e r  bubble p o i n t  o r  gas breakthrough pressure) ,  f o r  i t  has been 
shown than t h i s  does n o t  guarantee a h i g h e r  1 i q u i d  breakthrough pressure  s i n c e  
e x i t  sharpness may vary.  Therefore, i t  appears necessary t o  s p e c i f y  t h e  l i q u i d  
breakthrough pressure  i n  some manner, and t h i s  i s  b e i n g  s t u d i e d  a t  t h i s  t i m e  i n  
o r d e r  t o  develop meaningful  and complete eng ineer ing  s p e c i f i c a t i o n s  f o r  porous 
p l a t e s .  
3.  E f f e c t  o f  Contact  Anqle on Breakthrouqh Pressure 
The l i q u i d  breakthrough pressure may a l s o  be increased b y  i n c r e a s i n g  t h e  
c o n t a c t  a n g l e  as seen f rom F i g u r e  6. A l a r g e r  8 increases t h e  breakthrough 
pressure  i n  two ways. F i r s t ,  i t  reduces t h e  adverse e f f e c t  o f  a smal l  e x i t  
sharpness as seen by t h e  f a c t  t h a t  l i q u i d  breakthrough curves f o r  t h e  d i f f e r -  
e n t  e x i t  sharpness r a t i o s  move c l o s e r  t o g e t h e r  as 8 increases.  For  example, 
a t  8 = 40°, t h e  normal ized breakthrough pressure  f o r  an e x i t  sharpness o f  0.1 
i s  l e s s  than 20 p e r  cent  o f  t h a t  f o r  P / R  = 1.0, whereas a t  8 = 140°, t h e  break- 
through pressure  o f  t h e  d u l l e r  pore i s  equal t o  about 80 p e r  cent t h a t  o f  t h e  
sharper  pore.  
t h e  breakthrough pressure  t o  increase. T h i s  i s  i l l u s t r a t e d  by t h e  f a c t  t h a t  
i n  changing t h e  c o n t a c t  a n g l e  f rom 40' t o  140°, t h e  magnitude o f  t h e  l i q u i d  
breakthrough pressure  increases by a f a c t o r  o f  3 f o r  P /R  = 1.0. 
Secondly, t h e  s t ronger  dependence on c o s i n e  9 f o r  8 >90° causes 
Whereas i t  may n o t  be p o s s i b l e  t o  vary  t h e  e x i t  sharpness o f  a porous 
p l a t e  w i t h o u t  go ing i n t o  an e l a b o r a t e  p l a t e  development program, i t  would be 
p o s s i b l e  t o  vary t h e  contac t  angle t o  increase t h e  breakthrough pressure.  
t r e a t i n g  t h e  p l a t e  o r  t h e  subl iming f l u i d ,  a c o n t a c t  ang le  o f  g r e a t e r  than 90' 
c o u l d  be ob ta ined.  The l i t e r a t u r e  c i t e s  water  c o n t a c t  angles o f  -100' on 
s t a i n l e s s  s t e e l  p l a t e s  contaminated w i t h  s t e a r i c  acid,  o l e i c  acid,  p a r a f f i n  o i l ,  
o r  naphthenic  o i l .  T h i s  l a r g e  contact  ang le  makes these compounds p o s s i b l e  can- 
d i d a t e s  f o r  use i n  porous p l a t e s ;  however, s i n c e  no s tudy  o r  t e s t i n g  o f  these 
compounds has been performed as yet, i t  i s n o t  known a t  t h i s  t i m e  i f  they  would 
prove s a t i s f a c t o r y .  Such quest ions as how t h e  s u r f a c e  t e n s i o n  o f  water  i s .  
a f f e c t e d  by them and how permanently t h e y  adhere t o  a s u r f a c e  must be answered 
b e f o r e  t h e y  can be s e r i o u s l y  considered. 
By 
Another p o s s i b i l i t y  would be T e f l o n  
a AIRESEARCH MANUFACTURING DIVISION Los Angeler Calilornia 66-1 174 Page 14 
c o a t i n g  o f  metal porous p la tes ,  o r  even porous T e f l o n  p l a t e s .  
o f  about 110' a r e  o b t a i n a b l e  f o r  water on Te f lon .  Some T e f l o n  p l a t e s  have 
been t e s t e d  f o r  breakthrough pressures and t h e  r e s u l t s  a r e  repo r ted  below. 
Contact angles 
Porous P l a t e  Bench Tests 
An AiResearch Engineer ing Work Order d e s c r i b i n g  t h e  porous p l a t e  bench 
t e s t s  was inc luded i n  t h e  p rev ious  q u a r t e r l y  r e p o r t .  
have been performed on t h e  sample porous p l a t e s  1 i s t e d  below: 
A number o f  these t e s t  
Mater i a 1 S u p p l i e r  
1 .  Te f l on  - s i n t e r e d  p a r t i c l e s  A i r c r a f t  Porous Media 
2.  KEL-F - s i n t e r e d  p a r t i c l e s  A i  r c r a f t  Porous Media 
3. Rigimesh - woven and s i n t e r e d  A i  r c r a f t  Porous Media 
4 .  n i c k e l  - s i n t e r e d  p a r t i c l e s  Loc kheed 
n i c k e l  m e t a l  w i r e  
The i n i t i a l  t e s t  performed on each sample i s  t h e  bubble p o i n t  ( o r  gas 
breakthrough) i n  a l c o h o l .  The a lcohol  bubble p o i n t  i s  de f i ned  as t h e  pres- 
sure a t  which t h e  f i r s t  dynamic bubble appears on t h e  su r face  when the  back 
s i d e  o f  t h e  p l a t e  i s  p ressu r i zed  and t h e  sur face  i s  covered w i t h  a t h i n  l a y e r  
o f  95 p e r  cent s o l u t i o n  o f  e thano l .  From t h i s  t e s t  one may determine t h e  max- 
imum equ iva len t  pore diameter o f  the p l a t e .  Since a l c o h o l  forms a con tac t  
a n g l e  o f  e s s e n t i a l l y  zero degrees w i t h  most surfaces, t h e  bubble p o i n t  pres- 
sure i s  dependent o n l y  upon pore  s i z e  and s u r f a c e  tension, n o t  upon e x i t  sharp- 
ness r a t i o  a s  shown i n  F i g u r e  5. Therefore, s ince  2 = 1 .O f o r  zero con tac t  
angle, once t h e  bubble p o i n t  Pv i s  determined exper imenta l l y ,  t h e  e q u i v a l e n t  
pore  r a d i u s  P may be determined. Since i t  i s  n o t  known whether t h e  pore i s  o f  
c i r c u l a r  c ross-sec t ion ,  P i s  de f ined as the  rad ius  o f  a c i r c u l a r  pore  which 
wou I d  have an equ iva len t  breakthrough pressure .  
P 
2O/P 
Because i t  i s  d e s i r a b l e  t o  know how u n i f o r m  a porous p l a t e  i s  w i t h  respect 
t o  pore  size, a measure o f  t h e  u n i f o r m i t y  may be determined by i n c r e a s i n g  t h e  
pressure  u n t i l  e i t h e r  a c e r t a i n  percentage o f  t h e  s u r f a c e  i s  covered w i t h  bub- 
b l e s  o r  a s p e c i f i c  successive bubble p o i n t  i s  reached; f o r  instance, t he  t e n t h  
bubble p o i n t .  I n  t h i s  way, by us ing the  same equat ion,  V = 1.0, one may P 
2O/P 
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determine t h a t  a c e r t a i n  number o r  percentage o f  t h e  pores i s  l a r g e r  than a 
s p e c i f i c  value. Whether a percentage o r  a s p e c i f i c  success ive bubble p o i n t  
should be determined depends t o  some e x t e n t  upon t h e  p l a t e  be ing t e s t e d .  I f  
t h e  pore  s i z e  i s  f a i r l y  uni form, i t  would p robab ly  be bes t  t o  use a percentage 
v a l u e  ( u s u a l l y  8C p e r  cent )  s i f i c e  the  10th bubb!e p o i n t  would be q u i t e  c l o s e  
t o  t h e  f i r s t  and i t  becomes i n c r e a s i n g l y  d i f f i c u l t  t o  keep t r a c k  o f  succes- 
s i v e  bubble p o i n t s  h i g h e r  than IO. A s p e c i f i c  bubble p o i n t  would be d e s i r a b l e  
i f  t h e  p l a t e  appeared t o  be q u i t e  nonuni form w i t h  respect t o  pore  s i z e .  
Once t h e  range o f  pore s i z e s  has been determined, i t  i s  advantageous t o  
have an idea of  t h e  shape o f  t h e  pore e x i t ,  t h e  e q u i v a l e n t  e x i t  sharpness 
r a t i o .  The reason t h i s  i s  impor tant  i s  because o f  the  pronounced a f f e c t  i t  
h a s  on t h e  l i q u i d  breakthrough pressure, a p r i m a r y  c o n s i d e r a t i o n  i n  sub1 ima- 
t o r s .  The e q u i v a l e n t  e x i t  sharpness r a t i o  can be determined by per fo rming  a 
bubble p o i n t  (gas breakthrough) i n  water  and a water  breakthrough t e s t  on t h e  
sample p l a t e s .  
nondimensional breakthrough pressures, ‘B 
i n  t h e  a l c o h o l  bubble p o i n t  t e s t .  S ince these tw:, t e s t s  a r e  performed one 
a f t e r  t h e  o t h e r  u s i n g  t h e  same f i x t u r e s  and water  supply, i t  can be assumed 
t h a t  t h e  c o n t a c t  a n g l e  i n  each t e s t  i s  equal .  Therefore, one may determine 
f rom F i g u r e  6 t h e  e x i t  sharpness which g i v e s  t h e  a p p r o p r i a t e  nondimensional 
breakthrough pressures a t  equal con tac t  angles.  For  instance, cons ider  a 
metal  porous p l a t e  w i t h  an equ iva len t  pore  r a d i u s  o f  5 p determined from a 
bubble p o i n t  i n  a l c o h o l  tes t ,  f o r  which gas breakthrough and l i q u i d  break- 
th rough pressures i n  water  o f  6 3  and 10 inches o f  water, r e s p e c t i v e l y ,  a r e  
ob ta ined.  Nondimensional breakthrough pressures o f  0.55 and 0.087 a r e  ca lcu-  
l a t e d  (o water  = 7 2  dynes/cm). 
ness r a t i o  and c o n t a c t  ang le  which g i v e  these two values a r e  0.1 and 60°, 
r e s p e c t i v e l y .  
contaminated d u r i n g  t h e  tes t ,  f o r  e i s  u s u a l l y  30’ o r  l e s s  on a c l e a n  metal  
sur face .  
W i t h  these two breakthrough pressures, one may determine t h e  
, u s i n g  t h e  p o r e  r a d i u s  determined 
‘o/p 
From F i g u r e  6,  i t  i s  seen t h a t  t h e  e x i t  sharp- 
The contac t  a n g l e  o f  60’ i n d i c a t e s  t h a t  t h e  p l a t e  was s l i g h t l y  
An impor tan t  assumption upon which t h i s  approach o f  f i n d i n g  t h e  e x i t  
sharpness i s  based i s  t h a t  gas breakthrough i n  a lcoho l ,  gas breakthrough i n  
water, and water  breakthrough a l l  occur  a t  t h e  same s i z e  pore.  
th rough i n  a l c o h o l  w i l l  always occur a t  the  l a r g e s t  pore; however, i t  has 
been shown p r e v i o u s l y  t h a t  f o r  a contac t  a n g l e  W O O ,  b reakthrough i s  dependent 
Gas break- 
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. 
upon t h e  e x i t  sharpness r a t i o .  Therefore, t i s  q u i t e  p o s s i b i e  t h a t  bubble 
p o i n t  i n  water  and water  breakthrough might  occur  a t  pores which a r e  smal le r  
and l e s s  sharp than t h e  l a r g e s t  pore. T h i s  can make a d i f f e r e n c e  i n  c a l c u -  
l a t i n g  t h e  e x i t  sharpness i f  t h e  e x i t  sharpness o f  t h e  smal le r  pore  i s  s i g -  
n i f i c a n t l y  l e s s  than t h a t  of t h e  a lcoho l  bubble p o i n t  pore;  ar! a n a l y s i s  d i s -  
cuss ing  t h i s  d i f f e r e n c e  i s  g iven  i n  Appendix 1 .  
W i t h  these t h r e e  r e l a t i v e l y  simple breakthrough tes ts ,  i t  i s  p o s s i b l e  t o  
o b t a i n  a f a i r l y  p r e c i s e  d e s c r i p t i o n  o f  t h e  geometr ic  c h a r a c t e r i s t i c s  o f  a 
porous p l a t e .  T h i s  was done f o r  the porous p l a t e s  l i s t e d  above and the  r e s u l t s  
a r e  g i v e n  below: 
Te f lon ,  KEL-F, and Riqimesh Porous P l a t e s .  Two porous T e f l o n  specimens, 
two porous KEL-F samples, and one Rigimesh p l a t e  were t e s t e d  and t h e  t e s t  
r e s u l t s  a r e  t a b u l a t e d  i n  Tab le  1 .  
I t  i s  observed t h a t f o r  bo th  T e f l o n  samples, t h e  10th bubble p o i n t  i s  
q u i t e  near  t h e  i n i t i a l  bubble po int ,  i n d i c a t i n g  a h i g h  degree o f  u n i f o r m i t y  
i n  p o r e  s ize .  The maximum equ iva len t  p o r e  d iameters o f  samples A and C a r e  
20.6 and 9.4 microns, r e s p e c t i v e l y .  The normal ized gas breakthrough pres-  
sure f o r  these samples i s  seen t o  be q u i t e  smal l  and t h e  normal ized water  
breakthrough pressure q u i t e  l a r g e .  T h i s  i s  expected, however, s i n c e  t h e  con- 
t a c t  ang le  o f  water  w i t h  T e f l o n  i s  l a r g e .  The e x i t  sharpness r a t i o s  ob ta ined 
f o r  b o t h  samples a r e  - = 0.1 a t  a contac t  a n g l e  of ~ 1 6 0 ' .  P R 
Some q u e s t i o n  a r i s e s  as t o  the v a l i d i t y  o f  a c o n t a c t  a n g l e  a s  l a r g e  as 
160' s i n c e  va lues o f  c o n t a c t  angle of water  on T e f l o n  i n  t h e  l i t e r a t u r e  
u s u a l l y  range c l o s e  t o  110'. 
on T e f l o n  c o n t a c t  ang le  ranged from 110' t o  135'. I t  does seem reasonable 
t o  expect  a contac t  a n g l e  g r e a t e r  than 110' i n  t h e  water  breakthrough t e s t  
because t h e  l i q u i d  i s  be ing fo rced o u t  o f  t h e  pores and the  c h a r a c t e r i s t i c  
con tac t  ang le  would be t h e  advancing c o n t a c t  ang le .  I t  i s  possib le ,  a s  s t a t e d  
above, t h a t  water  breakthrough and bubb le  p o i n t  i n  water  occur red  a t  s m a l l e r  
pores w i t h  d u l l e r  e x i t s  and no t  a t  t h e  l a r g e s t  pore  found by a l c o h o l  bubble 
p o i n t  t e s t s .  
th rough pressures g i v i n g  f3 l a r g e r  than t h e  a c t u a l  c o n t a c t  angle.  I f  a con- 
t a c t  a n g l e  of 135' i s  assumed, a water breakthrough pore  d iameter  o f  7.1P i s  
ob ta ined and an e x i t  sharpness The s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  
i n  p o r e  d iameter  and e x i t  sharpness r a t i o  i s  d iscussed i n  Appendix 1 .  
Observat ions i n  t h e  l a b o r a t o r y  o f  t h e  water  
Th is  would cause the c a l c u l a t i o n  o f  erroneous normal ized break- 
4.03. 
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As ind ica ted ,  the  p a r t i c u l a r  KEL-r' p l a t e s  t e s t e d  had ve y l a r g e  pores, on 
t h e  o r d e r  o f  IOOL which would appear t o  be t o o  l a r g e  t o  perm t t h e i r  i lse a s  
sub1 ima to r  porous p l a t e s .  However, t h e  l a r g e  con tac t  ang le  n d i c a t e s  t h a t  
p l a t e s  o f  t h e  same m a t e r i a l  bu t  w i t h  sma l le r  pores migh t  be acceptab le .  The 
e x i t  sharpnesses ob ta ined  were q u i t e  l a r g e  as compared t o  t h e  T e f i o n  p l a t e s ;  
however, t h i s  was expected s ince  the pores were l a r g e r .  For  porous p l a t e s  made 
f rom g i ven -s i zed  p a r t i c l e s ,  as t h e  pore  s i z e  o becomes smal ler ,  t h e  e x i t  sharp- 
ness r a t i o  o/R o b v i o u s l y  becomes smal le r .  
One woven w i r e  p la te ,  Rigimesh, was s u b n i t t e d  t o  the  i n i t i a l  s e r i e s  o f  
bench t e s t s .  F a i r l y  small pores were ob ta ined  f o r  t h i s  sample, as w e l l  as 
good pore  u n i f o r m i t y .  The pore  u n i f o r m i t y  i s  expected because Rigimesh, which 
c o n s i s t s  o f  m u l t i p l e  l a y e r s  o f  woven w i r e  mesh made r i g i d  by r o l l i n g  and f u r n -  
ace bonding, by  i t s  very  composi t ion i s  supposed t o  possess a h i g h  degree o f  
u n i f o r m i t y .  Photowicrographs o f  t h i s  m a t e r i a l  a t  50 and 250 t imes magn i f i ca-  
t i o n  a r e  shown i n  F i g u r e  8, which f u r t h e r  i l l u s t r a t e s  t h i s  c h a r a c t e r i s t i c .  
Again, a small  e x i t  sharpness r a t i o  was obtained, a c h a r a c t e r i s t i c  wh ich  
seems t o  be i nhe ren t  i n  plates w i t h  smal l  pore  s i z e .  I n  t h e  s i n t e r e d  p a r t i c l e  
and w i r e  t ype  o f  porous p la te ,  t h i s  w i l l  always be expected as long as t h e  
p a r t i c l e s  which mako- up t h e  s o l i d  p 3 r t i o n  o f  t h e  p l a t e  a r e  s u b s t a n t i a l l y  l a r g e r  
than t h e  pores and have q J i t e  rounded corners .  The l a r g e  con tac t  ang le  i n d i -  
ca tes  t h a t  t h e  p l a t e  was contaminated. 
A d d i t i o n a l  t e s t s  a re  planned f o r  o t h e r  Rigimesh sa.nples w i t h  sma l le r  po re  
s i z e :  
Lockheed S in te red  P a r t i c l e  Porous P l a t e s  
Four p l a t e s  were rece ived from Lockheed and bubb le  p o i n t  i n  a l c o h o l  and 
- -------
n i t r 3 g e : i  p z r m e a b i l i t y  t e s t s  were performed on them. Bubble p o i n t  i n  water  and 
wa te r  breakthrough t e s t s  a re  c u r r e n t l y  be ing  performed on these p l a t e s .  
P l a t e  1 P l a t e  2 P l a t e  3 P l a t e  4 -- --- 
I n i t i a l  bubble 14.8 14 .4  13 .4  14 .7  
p o i n t  i n  a lcoho l ,  p s i  
Maximum pore  diameter, .86 .88 - 95 .86 
microns 
all t h e  p l a t e s  O f  
Pe rmea b 
meabi 1 i 
t e s t e d  t o  date, these have the  smal les t  po re  d iameter .  
l i t y  t e s t s  i n d  c a t e  t h a t  they a r e  a l s o  q u i t e  permeable, and these per -  
y r e s u l t s  w i l l  be inc luded i n  t h e  nex t  month ly  r e p o r t  a f t e r  a d d i t i o n a l  
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F i g u r e  8. Photomicrographs o f  "Rigimesh" 
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d a t a  on o t h e r  p l a t e s  i s  ob ta ined so t h a t  comparisons might  be made. 
FUTURE ACTIVITIES 
D u r i n g  t h e  nex t  q u a r t e r  i t  i s  planned t o  c o n t i n u e  on w i t h  t h e  p r e v i o u s l y  
presented development p l a n .  No changes a r e  contemplated. S p e c i f i c  areas t o  
be codered f o r  each phase of  t h e  program a r e  o u t l i n e d  below: 
Water B o i l e r  Heat S ink  Module 
1 .  Basic  c a p i l l a r y  and w ick ing  analyses w i l l  be cont inued.  
2.  C o n t r o l s  analyses i n c l u d i n g  water  fesd  c o n t r o l  and d i s t r i -  
b u t i o n  w i  1 1  be s t a r t e d .  
3 .  S i n g l e  module t e s t i n g  designed t o  e s t a b l i s h  optimum w i c k  
c h a r a c t e r i s t i c s  w i  1 1  be completed. 
4 .  Wick r a t e  t e s t s  w i l l  be conpleted. 
- Sub1 imator  Heat S ink Module 
1 .  Porous p l a t e  bench t e s t s  w i l l  be completed, a l l o w i n g  t h e  
s e l e c t i o n  o f  optimum specimens for  s u b l i m a t i o n  perform- 
ance t e s t i n g .  
2. Breakthrough a n a l y s i s  w i l l  be cont inued w i t h  emphasis on 
methods o f  i n c r e a s i n g  1 i q u i d  breakthrough pressure.  
3 .  T e s t i n g  of s i n g l e  porous p l a t e s  now on hand u s i n g  an 
e l e c t r i c a l  heat source w i l l  be completed. T h i s  s e r i e s  
o f  t e s t s  i s  designed t o  r e l a t e  s u b l i m a t i o n  performance t o  
p r e v i o u s l y  e s t a b l i s h e d  bench t e s t  c h a r a c t e r i s t i c s  such as 
i n i t i a l  bubble p o i n t  and n i t r o g e n  p e r m e a b i l i t y .  
Thermal Panel Development 
I .  Conceptual des ign s t u d i e s  a r e  planned f o r  t h e  nex t  q u a r t e r .  
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By assuming t h a t  t h e  bubble p o i n t  i n  water  and water  breakthrough occur  
a t  t h e  sams s i z e d  pore  as bubble p o i n t  i n  a l c o h o l  ( i .e . ,  a t  t h e  l a r g e s t  pore), 
i t  i s  p o s s i b l e  t o  determine t h e  equ iva len t  pore  e x i t  sharpness r a t i o  as exp la ined 
i n  t h e  t e x t .  However, i t  has been shown t h a t  f o r  a c o n t a c t  ang le  g r e a t e r  than 
0, bubble p o i n t  and water  breakthrough may occur  a t  a s m a l l e r  pore, p r o v i d i n g  
t h i s  s m a l l e r  pore  has a s u f f i c i e n t l y  smal l  e x i t  sharpness r a t i o .  Therefore, 
i f  t h i s  i s  t h e  case, erroneous values o f  normal ized breakthrough pressure  w i l l  
be c a l c u l a t e d  r e s u l t i n g  i n  erroneous va lues o f  c o n t a c t  ang le  and e x i t  sharpness. 
For example, cons ider  a porous p l a t e  w i t h  two c h a r a c t e r i s t i c  p o r e  s i z e s  
and e x i t  sharpness r a t i o s ;  10 P rad ius  ho les  w i t h  e x i t  sharpness r a t i o  o f  
1.0 and 5 !I r a d i u s  ho les  w i t h  e x i t  sharpness r a t i o  o f  0.2. An a l c o h o l  bubble 
p o i n t  t e s t  w m l d  i n d i c a t e  t h e  maximum pore r a d i u s  t o  be 10 p .  The bubble p o i n t s  
i n  water  (assuming 3 = 30'for a clean metal  p l a t e )  f o r  t h e  1OP and 5 CL r a d i u s  
h o l e s  a r e :  
The water  breakthrough pressures f o r  t h e  10 CL and 5 IL pores a r e :  
2) ( .0049 l b / f t )  = .72 p s i  
10 L) ( 3 . 2 8 ~ 1 0 ' ~  f t /  1) (144 i n 2 / f t z )  
= .38 p s i  (2 )  ( .0049 l b / f t )  
( 5  p)  ( 3 . 2 8 ~ 1 0 ' ~  f t /  ~ ) ( 1 4 4  i n 2 / f t z )  
PL5 =[.09J 
Therefore,  bubble p o i n t  i n  water would occur  a t  1.93 p s i  a t  t h e  10 IJ 
and w a t e r  breakthrough would occur  a t  -38 ps i '  a t  t h e  5 P h o l e .  The exper 
da ta  ob ta ined would n o t  i n d i c a t e  the h o l e  a t  which breakthrough occurred, 
t h e  breakthrough pressures 1.93 and .38 p s i .  Therefore,  assuming b r e a k t h  
occur red  a t  the  l a r g e s t  (10 ,a) hole, one would c a l c u l a t e :  
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T 
pL - .38 = . I 8  - 
2 O/P 2 ( .0049)/(  IO) ( 3 . 2 8 x l O - ' m  
P and, f rom F i g u r e  6, would o b t a i n  8 M 28' and ~ 0 . 6 .  The conc lus ion  would 
be t h a t  t h e  p l a t e  i s  c h a r a c t e r i z e d  by a l a r g e s t  pore  o f  10 p r a d i u s  w i t h  an 
e x i t  sharpness r a t i o  o f  0.6. The d i f f e r e n c e  i n  e x i t  sharpness o f  40% w u l d  
be o f  no consequence if a contac t  angle o f  40' were always maintained, because 
a 10 p pore  w i t h  - = 0.6 and a 5 !L pore w i t h  E = .2 have the  same breakthrough 
pressure  a t  0 = 30'. However, i f  one d e s i r e d  t o  inc rease t h e  c o n t a c t  a n g l e  by 
t r e a t i n g  t h e  p l a t e  and t r i e d  t o  p r e d i c t  a t  t h e  new 0 ,  t h e  new breakthrough pres-  
sure Lased upoil a 10 p r a d i u s  pore  w i t h  - = 0.6, d iscrepanc ies  between t h e  pre-  





I t  should be noted t h a t  i n  p l a t e s  composed o f  s p h e r i c a l  p a r t i c l e s  o f  about 
t h e  same size,  when t h e  pore s i z e  i s  reduced b y  h a l f ,  t h e  e x i t  sharpness r a t i o  
i s  reduced by h a l f ,  s i n c e  R i s  constant .  T h i s  r e d u c t i o n  w i l l  have no e f f e c t  
on t h e  breakthrough pressure because i n  o r d e r  f o r  breakthrough t o  occur  a t  a 
s m a l l e r  pore, t h e  e x i t  sharpness m u s t  be reduced by a g r e a t e r  amount than t h e  
pore  d iameter .  ( I n  t h e  example considered, t h e  pore  d iameter  was reduced by 
1/2 and t h e  sharpness r a t i o  by l/5.) Therefore,  f o r  p l a t e s  o f  u n i f o r m  s ized 
p a r t i c l e s ,  breakthrough a t  s m a l l e r  pores i s  n o t  a n t i c i p a t e d .  Nevertheless,  i t  
appears a d v i s a b l e  t o  per fo rm water  breakthrough and water  bubble p o i n t  t e s t s  a t  
c o n t a c t  ang les  near those a n t i c i p a t e d  i n  use. 
Regardless o f  t h e  u n c e r t a i n t i e s  i n  t h i s  method, i t  does g i v e  a f a i r l y  
good e s t i m a t i o n  o f  t h e  e x i t  sharpness r a t i o  o f  a p a r t i c u l a r  specimen. The 
t e s t s  performed s o  f a r  have i n d i c a t e d  v e r y  smal l  (<0.1) sharpness r a t i o s  f o r  
p l a t e s  w i t h  smal l  pores (<5 11). 
l a r g e  s i z e  o f  t h e  p a r t i c l e s  used i n  t h e  porous p l a t e s .  T h i s  smal l  e x i t  sharp- 
ness r a t i o  i s  b a s i c a l l y  what causes c l e a n  m e t a l l i c  porous p l a t e s  t o  have such 
low water  breakthrough pressures, and two approaches a r e  being used t o  s o l v e  
t h i s  problem. The f i r s t  has been mentioned i n  t h e  t e x t ,  namely reducing t h e  
e f f e c t  o f  the  sharpness r a t i o  by going t o  l a r g e  c o n t a c t  ang le  systems. 
This  i s  expected because o f  t h e  r e l a t i v e l y  





















T h i s  w i l l  be achieved by c o a t i n g  the p l a t e  w i t h  a hydrophobic agent. 
second i s  o b t a i n i n g  p l a t e s  composed o f  e i t h e r  very  s m a l l  p a r t i c l e s  o r  sharp 
cornered p a r t i c l e s ,  thereby  inc reas ing  2 . 
The 
R 
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